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SECTION  DRilHG  IN  LATE-SEASON  GRAPEFRUIT 


Chaiman:  L.  G.  Albrlgo 

Major  Department:  Horticultural  Seienoe  (Fruit  crops) 

The  occurrence  of  section  drying  (resulting  from  juice- 
vesicle  disorders)  and  in-frult  gemination  were  studied  in 
two  leading  grapefruit  cultivass  tcitrus  oaradlsl  Hacf,  cv. 
'Harsh  seedless'  and  'Ruby  Red')  grown  in  6 groves  over  3 
consecutive  years  (19B6-198B).  Section  drying  in  grapefruit 
resulted  from  both  vesicle  collapse  and  granulation. 

contributing  to  section  drying  in  grapefruit.  As  the  season 
progressed,  there  was  a progressive  increase  of  section 
dried  fruit  as  well  as  fruit  containing  germinating  seeds, 
Variations  in  the  amount  of  section  dried  fruit  and  in-fruit 


time,  and  storage  duration.  During  storage,  both  section 
drying  and  in-frult  gemination  Increased  greatly.  Positive 
correlations  were  found  each  year  between  the  severity  of 
and  the  percentage  of  fruit  containing 
viil 


drying 


geminating  seeds.  However,  other  potential  factors  were 
likely  involved  because  only  SO*  of  the  total  variation  in 
in-fruit  gemination  could  be  accounted  for  by  section 
drying. 


in  section  drying  in  citrus  has  focused  on  granulation.  In 
this  study,  the  physiological  and  biochenical  changes 


vesicle  collapse  (dehydration  disorder]]  were  compared, 
particularly  the  changes  in  cell-wall  polysaccharides.  It 
appeared  that  granulation  was  associated  with  an  increase  i 
cell  wall  polymers  whereas  collapsed  vesicles  exhibited  a 

physiological  and  biochamical  differences  in  juice-vesicle 


INTRODUCTION 


Lace  culcivars  of  ciCnjs  have  a long  harvest  period. 
However,  when  fruit  are  harvested  late  in  the  season, 
quality  is  often  adversely  affected  due  to  the  occurrence  of 
juice-vesicle  disorders  among  other  factors.  Late-season 
grapefruit  produced  in  Florida  are  often  afflicted  with 
vesicle  disorders  which  result  in  drying  of  the  affected 
fruit  segments.  Section  drying  also  occurs  during  storage 
and/or  transit.  This  can  be  a serious  problem  for  growers 
because  fruit  are  often  harvested  late  in  the  season,  at 
which  time  profits  can  be  high  if  the  fruit  is  sound. 

Granulation  is  frequently  found  in  orange  and  mandarin 
cultivars  grown  throughout  the  world.  Among  citrus 
cultivars,  grapefruit  has  been  )cnown  to  be  less  susceptible 
to  granulation  than  other  types  of  citrus.  Furthermore, 
visible  symptoms  of  grapefruit  vesicle  disorders  are 
different  from  granulation.  For  these  reasons,  it  has  been 
thought  that  vesicle  disorders  occurring  in  grapefruit  might 
not  be  related  to  granulation.  Neverthless,  no  detailed 
studies  have  been  carried  out  to  identify  the  types  of 
vesicle  disorders  affecting  grapefruit. 

In-fruit  germination  is  another  potential  problem  in 
late-season  grapefruit.  Few  studies  have  been  conducted  to 


estimate  the  frequency  with  which  fruit  are  affected  by  in- 
fruit qermination  in  Florida  grapefruit.  Since  seed 
germination  within  grapefruit  is  often  high  in  disordered 
fruit,  germination  is  thought  to  be  somehow  associated  with 
vesicle  disorders. 

The  objectives  of  this  study  were  1)  to  identify  the 
type  of  vesicle  disorders  occurring  in  grapefruit,  2)  to 
estimate  the  extent  to  whioh  fruit  are  affected  by  vesicle 
disorders  and/or  in-fruit  germination,  3)  to  examine  the 
relationship  between  vesicle  disorders  and  in-fruit 
germination,  and  4)  to  examine  the  physiological  and/or 
biochemical  changes  of  the  vesicles  affected  by  the 
disorders,  particularly  in  their  cell  walls. 


LITERATURE  REVIEW 


Introduction 

Grapefruit,  particularly  in  Florida,  have  a relatively 
long  harvest  tine,  usually  Cram  October  through  Hay.  When 

is  often  adversely  affected  because  of  the  occurrence  of 
disorders  affecting  juice  vesicles.  At  least  two  different 
types  of  vesicle  disorders  have  been  described  in  citrus; 
granulation  and  dehydration  (bartholoneu  et  al.,  1941; 

focused  on  understanding  and  preventing  these  vesicle 
disorders  but  no  successful  methods  have  been  found. 
Although  the  two  vesicle  disorders  exhibit  quite  different 
visible  symptoms,  no  detailed  comparative  studies  have  been 
undertaken. 

is  a potential  problem  in  late-season  grapefruit  harvested 
even  'seedless'  cultivars  contain  viable  seeds  which  nay 
germinating  seeds  exhibit  off-flavors  and  are  not  desirable 


srida  Dept,  of 


potential  factors  associated  with  seed  gemination  within 
fruit  have  been  adetjuately  studied. 


Physiological  Changes  in  Fruit  during  the  Development  of 
Vesicle  Disorders 

Granulation  {G)  is  a well  known  juica-vesicle  disorder 
in  citrus.  Synptoms  of  G Include  hardening  of  vesicles, 
uneven  cell-wall  thickening  in  juice-cells,  lignification 

juice-cells  (Bartholonew  et  al.,  1941;  Hatsumoto,  1964). 
Increase  in  dry  weight,  ethanol-insoluble  solids,  oinerals 
<K’,  Na",  Ca”,  Mg*',  and  Po^).  and  pectie  substances 
(Bartholomew  et  al.,  1941;  Sinclair  and  Jolliffe,  1961)  are 
also  characteristic  of  S.  Several  studies  have  demonstrated 
a slight  but  significant  decrease  in  water-soluble-pectin 
(MSP)  in  juice  from  granulated  'Valencia'  oranges  (Gilfillan 
and  Stevenson,  1977;  El-2eftawi,  197S).  others  have  shown 


indicate  that  pectins  in  granulated  tissue  exist  as  water- 
insoluble  forms  rather  than  water-soluble  pectic  acids. 


High 


sluble 


Jolliffe,  1961) 


granulated  vesicles  {Sinclair  and 
pectinmethylesterase  (PHE)  (E.C.  3.1.1.11)  activity  in 
granulated  fruit  (Chakravar  and  Singh.  1977b)  seem  to 
support  this  speculation.  Hardening  of  the  juice  vesicles 
during  G was  suggested  to  result  from  gelation  caused  by 
increased  levels  of  pectin  and  divalent  cations,  especially 
calcium  (Sinclair  and  Jolliffe,  1961).  since  ca'^  binding 
to  poly-D-galacturonate  contributes  to  the  stabilisation  of 
pectic  polysaccharides  (Horries  et  al.,  1982;  Selvendran, 
1985) , this  night  be  a partial  explanation  of  low  W5P  in 
granulated  vesicles.  The  observation  that  USP  decreased 
while  total  pectin  increased  indicates  that  there  should  be 
an  increase  in  other  pectin  fractions  (e.g.,  chelator-  or 
alkali-soluble  pectins) . On  the  contrary,  in  a comparative 
study  of  juice  components  extracted  from  granulated  and  non- 
granulated  'Valencia'  and  navel  oranges,  Gilfillan  and 
Stevenson  (1977)  found  a decrease  of  not  only  WSP  but  also 
chelator-  and  alkali-soluble  pectins  in  granulated  navel 
fruit  juice  but  not  consistent  in  'Valencia'  fruit  juice. 
However,  pectins  in  extracted  juice  may  not  be 
representative  of  the  pectins  in  cell  walls. 

In  addition  to  pectin  changes,  the  presence  of  lignin 
components  in  granulated  vesicles  has  been  reported 
(Bartholomew  et  al.,  1941).  Lignin  is  a complex,  3- 
dimensional  cell-wall  polymer  present  in  vascular  plants  and 
usually  associated  with  vascular  tissue  (Eskin,  1979) . In 
pear  fruits,  lignin  exists  as  a component  of  a 


llgnocellulose  complex  In  nesocarp  stone  cells  (Eskin, 
1979).  Since  llgnlf ication  strengthens  the  cell  walls, 
hardening  of  granulated  vesicles  may  be  associated  with 
lignin  synthesis.  No  quantitative  analyses  have  been 
performed  to  test  this  possibility.  A previous  study  of 
lignin  was  confined  to  histochenical  detection  (Bartholon 


synthesis  and/oi 

granulation. 

studies  on 


a potential  factor  contributing  t 


mineral  content  and 
;ent  data.  Sinclair 
;a^) , magnesium 


elatlonship 
vesicle  disorders  have  provided  i 
and  Jolliffe  (1961)  found  that  cj 
(Mg^'),  potassium  (K*),  and  phosphorous  (P)  Increased  in 
granulated  juice-vesicles  whereas  Giltillan  and  Stevenson 

may  possibly  be  explained  by  the  sampling  methods.  Sinclair 
and  Jolliffe  (1961)  examined  the  total  mineral  contents  from 
isolated  juice  vesicles  (normal  or  granulated)  whereas 
Qilfillan  and  Stevenson  (1977)  examined  the  mineral  content 
of  filtered  juice  from  normal  or  granulated  fruit.  Since 
the  filtered  juice  does  not  contain  total  insoluble  solids, 
it  may  not  represent 


the  composition  of  cell  wall 


Boron  (B)  in  extracted  juice  showed  a negative  correlation 
Co  G in  navel  but  not  in  'Valencia*  oranges  (Gilfillan  and 
Stevenson,  1977).  The  exact  physiological  role  of  B in 
plants  remains  unclear.  A major  portion  of  B is  associated 
with  membranes  (Tanada,  19B3)  and  it  nay  contribute  to  the 
maintenance  of  nenbrane  integrity  alone  or  with  calciun 
(Pollard  et  al.,  1977;  Pilbeam  and  Kirlcby,  1963;  Lovatt  and 
Dugger,  1987) . Boron  also  has  been  known  to  be  related  to 
the  cell-wall  synthesis.  Since  under  B deficienct 
condition,  cell-wall  thickening  in  sunflower  root  was 
reported  (Hirch  and  Torrey,  1980).  An  increase  of  the  non- 
cellulosic  cell-wall  polymers  under  B deficiency  has  been 
observed  in  cotton  ovules  cultured  in  vitro  (Dugger  and 
Palmer,  198S)  and  in  leaves  of  oil  palm  plant  (Rajaratnao 
and  Lowey,  1974) . Thus,  data  in  the  above  observations 
indicate  a potential  association  of  boron  deficiency  with 
the  increased  of  pectin  contents  in  granulated  fruit. 
However,  trials  to  prevent  G through  spraying  boric  acid  on 
whole  citrus  plants  showed  inconsistent  results.  Under 
South  African  conditions,  a boric  acid  spray  was  Ineffective 
on  oranges  (Ann.  Rep.  Res.  Hort.  South  Africa,  1976-79) 
whereas  in  India,  it  was  effective  on  mandarins  (Singh  and 
Singh,  1981a).  Whether  or  not  these  inconsistant  results 
were  deribed  from  the  difference  of  spraying  time  is  not 
)cnown.  In  leaf  analysis  of  sweet  oranges,  Kunshi  et  al. 
(1978)  found  differences  in  nutrient  content  between  leaves 
from  shoots  bearing  more  G and  less  G fruit.  Nitrate  (N) , 


P,  and  K~  increased  whereas  ca^*,  and  Zinc  (Zn^‘]  decreased 
in  the  shoots  with  granulated  fruit.  Interestingly,  Ca^' 
was  higher  in  granulated  vesicles  (Sinclair  and  Jolliffe, 
1961)  but  shoots  bearing  granulated  fruit  contained  less 
Ca^*.  The  authors  suggested  that  Ca^*  might  exist  in  a bound 
fora  (e.g. , calcium  pectate)  in  granulated  vesicle 
decreasing  Ca^*  availability  to  other  vesicles.  On  the 
basis  of  citrus  fruit  anatoiny,  this  interpretation  does  not 
appear  logical.  Granulation  usually  begins  at  the  stem-end, 
but  juice-vesicles  are  individually  connected  through  long 
hair-like  stalks  to  the  vascular  bundles  located  around  the 
septal  membrane  (Schneider,  1966) . Thus,  mineral  movement 
may  occur  from  vascular  bundles  through  stalks  (synplastic 
connection] , not  through  interspaces  between  vesicles 
(apoplast) . 

Since  N in  general  induces  vigorous  growth  of  plants, 
it  is  reasonable  to  speculate  that  high  levels  of  H in  the 
shoot  are  associated  with  the  incidence  of  G.  Granulation 
is  more  pronounced  on  vigorously  growing  plants  (Bartholomew 
et  al.,  1941).  Also,  potassium  increases  fruit  size  in 
citrus  (Embleton  et  al.,  1956)  and  thus  high  levels  of  K'  in 
shoots  may  Induce  G through  increasing  fruit  size. 

Zinc  deficiency  was  proposed  to  be  a potential  factor 
contributing  to  G through  affecting  auxin  level  (Awasthi  and 
Mauriyal,  1972;  Singh  and  Singh,  1981a).  Indole-l-acetic 
acid  (lAA)  synthesis  and  turn-over  nay  be  affected  by  Zh^ 
(Hengel  and  Kirkby,  1982).  Tryptophan  (a  precursor  of  lAA) 


breakdown  of  lAA,  increases  under  Zn*‘  deficiency  (Mengel 
and  Kirkby,  1962).  Singh  and  Singh  (1961b)  also  observed 
that  a nutrient  spray  on  the  whole  plant  was  effective  at 


important  than  an  affect  of  any  single  element. 

reduction  of  extractable  juice  (Bartholomew  et  al.,  1941; 
Matsumoto,  1964;  Awasthi  and  Hauriyal,  1972:  Bl-2eftawl, 


Jolliffe,  1961:  Awasthi  and  Nauriyal,  1972;  Bl-Zeftawi, 

1973;  chaXrawar  and  Singh,  1977b),  lower  total-aoluble- 
solids  (TSS)  (Bartholomew  et  al.,  1941;  Sinclair  and 
Jolliffe,  1961;  Gilfillan  and  Stevenson,  1977;  cha)crawar  and 
Singh,  1977b;  El-Zeftawi,  1978),  and  lower  total  and 


acids  is  closely  related  to  S (Bartholomew  et  al.,  1941; 
Gilfillan  and  Stevenson,  1977;  El-Zeftawi,  1978;  Ann.  Rep. 


Res.  Hort.  1978-1979).  Low  sugars  and  acids  in  the  stem  end 
and  in  large  fruit  (Ting,  1969)  seem  to  be  consistent  with 


the  prevalent  occurrence  of  G in  the  stem-end  or  in  large 


fruit 


iide  the  tree  canopy 


high  acid 


Sllfillan  and  Stevenson  (1977)  found  that  TSS,  acids,  and 


vesicle  dehydration,  a disorder  which  has  been  reported  in 

granulation)  in  'Valencia'  oranges  in  California  usually 

or  postharvest  (eartholomeu  et  al.,  1941),  whereas  in  South 
Africa  core  dryness  in  navel  oranges  is  often  found  in  the 
central  fruit  portion  of  large  fruit  late  in  the  season  or 
during  transit  (tJoort,  1969).  Section  drying  (SO), 

season  grapefruit  grown  in  Florida  (Albrigo  et  al.,  1960). 

CoiuDon  symptoms  of  dehydration  disorders  include  a 
gradual  shrinkage  and  complete  collapse  of  the  affected 


1969).  Available  Information  is  limited  for  this 

gulte  different  from  those  exhibited  by  G (for  example,  no 
hardening  of  disordered  vesicles),  increased  lignin  content 


demons 


grapefruit  (Burns  and  Achor,  198B) . The  HSP  decrease  in 
juice  derived  from  the  stem-end  portions  of  both  G and  core- 
dried  fruit  has  been  reported;  however,  the  measurements  of 
wsp  in  core-dried  fruit  were  not  carried  out  in  the  fruit 
affected  by  core-dryness  alone  since  the  fruit  also  were 
affected  by  G (Ann.  Rep.  Res.  Hort.  South  Africa,  1978- 
1979] . A transient  increase  in  ethylene  production  in  some 
mandarin  types  occurs  prior  to  the  fruit  being  affected  by 
dry  juice  sac  (Sinclair,  1984).  Watermelons,  which  exhibit 
low  levels  of  polygalacturonase  [PG,  E.C.  3.2.1.15),  are 
adversely  affected  by  ethylene  treatment  and  develop  a 
tissue  water-soahing  which  results  from  degradation  of  the 
middle  lamella  (EDtashif  and  Huber,  1988).  However,  whether 
VC  in  grapefruit  is  induoed  by  the  same  mechanism  is  not 
known,  citrus  is  a typical  non-climacteric  fruit  which  is 
usually  less  sensitive  to  ethylene  (Rhodes,  1980) , Dry 
juice  sac  in  oranges  was  suggested  to  result  from  the  excess 
water  loss  by  Che  leaves  when  insufficient  water  was  present 
in  the  soil  (Sinclair,  1984).  In  this  scenario,  water  loss 
below  a certain  critical  point  does  not  allow  recovery  of 
vesicles  to  the  original  turgidity  and  they  remain 
desiccated.  Since  water  movement  from  vesicles  once  stored 
is  restricted  in  citrus  fruit  (Kaufman,  1970),  vesicle 
dehydration  may  occur  only  under  severe  drought  condition. 

Ko  direct  evidence  has  been  provided  for  this  speculation 
that  water  loss  is  a prime  factor  responsible  for  dry  juice 
season.  In  grapefruit,  vc  occurs  only  in 


sac  during  growing 


individually  in  polyethylene  film,  which  greatly  reduces 

drying  in  grapefruit  stored  at  13  *c  or  higher  (Albrigo  et 
al.,  1981).  This  Indicates  that  water  loss  may  not  be  a 
primary  factor  associated  with  this  vesicle  disorder  in 
grapefruit. 

disorders.  These  include  low  levels  of  WSP,  sugars,  acids, 

comparative  studies  have  been  completed.  Thus,  part  of  this 
study  focused  on  comparing  G and  vc  of  grapefruit  juice 


potential  Factors  Associated  with  Juice-Vesicle  Disorders 
various  factors  have  been  reported  to  be  associated 


cultivar  (Awasthi  and  Nauriyal,  1972),  vigor  and/or  age  of 


plant  (Bartholomew  et  al.,  1941;  Awasthi  and  Nauriyal, 
1972),  climate  (Bartholomew  et  al.,  1941;  Noort,  1969; 
Awasthi  and  Nauriyal,  1972;  El-Zeftawi,  1978),  season 
(Bartholomew  et  al.,  1941;  chalcrawar  and  Singh,  1977), 
cultural  practices  (Bartholomew  et  al.,  1941;  Bartholomew 
and  Sinclair,  1944;  Hield  and  Eric)4son,  1962),  and  storage 
temperature  (El-Zeftawi,  1976).  In  general,  large  fruit 


13 

froD  vigorously  growing  trees  show  a higher  incidence  of  G 
(Bartholomew  et  al.,  1941;  Auasthi  and  Nauriyal,  1972). 
However,  no  key  factor(s)  has  been  consistently  found. 
Attempts  to  control  G through  plant  growth  regulator 
application  have  yielded  inconsistent  results.  Singh  and 
Singh  (1981b)  reported  that  spray  of  GAj  or  planofix  (l- 
naphthalene  acetic  acid,  HAA)  reduced  G in  a mandarin 
cultivar.  In  other  studies,  a preharvest  spray  of  2,4- 
dlchlorophenoxyacetic  acid  (2,4-D)  was  effective  to  delay 
the  incidence  of  G in  'Valencia*  oranges  but  no  further 
effect  was  observed  once  G initiated  (Hield  and  Eric)4son, 
1962)  or  was  ineffective  on  oranges  produced  in  South  Africa 
(Ann.  Rep.  Res.  Hort.  South  Africa,  1976-79).  Planofix 
treatment  also  reduces  G in  oranges  through  a correction  of 
hormonal  imbalance  (Singh  and  Singh,  l9Slb) ; however,  the 
effect  of  auxin  on  G may  be  necessary  to  be  reexamined 
because  of  the  inconsistent  results. 

Singh  and  Singh  (1981b)  reported  that  preharvest 
treatment  with  2- (chloroethyl)  phosphonic  acid  (ethrel) 
significantly  reduced  the  Incidence  of  G on  mandarins.  They 
suggested  that  ethrel  enables  fruit  to  avoid  G by  ripening 

The  fact  that  dehydration  disorders  (dry  juice-sac  and 
core  dryness)  occur  only  in  the  late  season  or  during 
postharvest  storage  or  transit  (Bartholomew  et  ai.,  1941; 
Noort,  1969  ) indicates  a potential  relationship  between  the 
disorders  and  fruit  senescence.  Hoort  (1969)  found  a 


tendency  for  the  anount  of  dehydration  disorders  and  G to  be 

growth  of  plant.  Bartholomew  et  al.  (1941)  observed  a 
similar  result  in  that  the  frequency  of  dry  juice-sac  was 
more  pronounced  following  a relatively  warm  winter.  SO  in 


Cell-Hall  Alteration  during  Fruit  Maturation  and  Senescence 

Dehydration  disorders  in  citrus  result  in  the  complete 
collapse  of  juice  vesicles  whereas  vesicles  affected  by  G 
usually  maintain  their  original  shape  prior  to  the  final 
stage  when  some  shrinkage  occurs  (Bartholomew  et  al.,  1941; 

abnormal  cell-wall  degradation  and/or  synthesis  at  the  late 
stage  of  fruit  development  might  be  associated  with  these 
vesicle  disorders.  Little  is  known  about  cell-wall  changes 
in  citrus  during  fruit  development  and  senescence. 

The  plant  cell  wall  is  a specialized  form  of 
extracellular  matrix  surrounding  the  protoplast  of  the  cell. 
The  composition  of  plant  cell  walls  is  extremely 
heterogeneous.  In  general,  cell  wall  components  are 
classified  into  several  groups  on  the  basis  of  their 
solubility  in  various  agents.  Cellulose,  pectins. 


glycoproteins 


of  primary  cell  walls  (Selvendran,  1985;  Oarvill  et  al,, 
1980)  although  they  may  differ  both  quantitatively  and 

Cell  walls  are  dynamic;  their  shape,  composition,  and 
properties  are  constantly  changing  in  response  to  growth 
(Labavitch,  1981;  Ray,  1987),  the  stage  of  differentiation 
(Pressey  et  al.,  1971;  Cross  and  Wallner,  1979;  Ahmed  and 


effects  (Sa)«urai  et  al.,  1987).  Textural  modifications  of 
fruit  tissue,  mainly  softening,  are  most  evident  during 
fruit  ripening.  Softening  is  assooiated  with  an  increase  in 

polysaccharides  resulting  in  the  loss  of  intercellular 
cohesion  (pressey  et  al.,  1971;  Brady,  1986).  The  middle 


region  of  the  cell  wall  intensively  affected  during  fruit 
softening.  Polygalacturonase  (PC)  is  )cnown  to  be  associated 
with  fruit  softening  in  many  fruit  types  (Pressey  et  al., 
1971;  Pressey  and  Avants,  1982;  Roe  and  Bruemmer,  1981; 
Brady,  1986).  Ultrastructural  studies  show  a correlation 
between  the  appearance  of  pectin  hydrolyzing  activity  (e.g., 
polygalacturonase)  and  a loss  of  electron  density  in  the 


middle 


, and  tomato  (Crookes  and 


solubility 


increase  in  low-molecular  weight  pectins  and  decrease  in 
high-molecular  weight  pectins  (Huber,  1986).  However,  an 
increase  in  pectin  solubilit/  is  not  sufficient  evidence  for 
the  presence  of  hydrolytic  enzymes  because  pectin 

alteration  in  divalent  cations  In  fruit  cell  walls  (Huber, 
1983a).  Evidence  for  non-enzymic  increases  in  pectin 
solubility  can  be  found  in  strawberries  (Huber,  1984)  and 
muskmelone  (Hccollun,  1987),  which,  while  containing  no  FG, 
show  increases  in  soluble  pectin  as  fruit  ripen. 

Citrus  is  )tnown  to  have  only  exo-PG  (Riov,  1974,  1975), 

oxidase,"  named  by  Rlov  (1975),  is  inhibited.  Grapefruit 
peel  tissue  breakdown  occurs  when  Infected  by  pathogenic 
fungi,  the  events  of  which  are  related  to  the  accumulation 


(Achilea  at  al.,  1985).  Whether  or  not  the  accumulation  of 


is  extremely  low  in  grapefruit  (Rlov,  1974).  The  lack  of 

polysaccharides  in  citrus,  if  any,  must  be  mediated  by 
nonenzymatic  mechanisms  or  other  hydrolases  (e.g., 

the  alteration  of  cell  wall  polymers  during  grapefruit 
maturation  and  senescence. 


during  ripening  (Gi 


available  for  only  a United  number  of  fruit  types.  In 
tomatoes,  henicelluloses  exhibit  a decrease  in  high- 
molecular  weight  polymers  and  increases  in  low-molecular 
weight  polymers  during  ripening  (Huber,  1983b). 

and  are  temporally  related  to  ripening.  Strawberries 
exhibited  a similar  change  in  hemicellulose  during  ripening 
(Huber,  1984).  The  author  suggested  that  the  structural 
modification  of  hemicellulose  is  an  enzymic  alteration; 

hemicellulose  were  not  Investigated,  several  glycosidases 

fruit  softening  in  tomato  (Hallner  and  HalKer,  1976;  Pharr 
et  al.,  1976;  Pressey,  1983;  Hat)cins  et  al.,  1988)  and  in 
apple  (Hallner,  1978)  fruit.  Although  these  enzymes 
sometimes  appear  coincidently  with  fruit  softening,  their 
role  in  wall  degradation  is  still  questionable.  GXycosidase 
activity  la  assayed  with  p-nltrophenol-B-glycoside 
substrate,  since  dimers  and  trimers  are  the  preferable 
substrate  for  glycosidases  (Reese,  1977),  enzyme  activity 
toward  B~nltrophenol-B-glycoside  is  not  sufficient  evidence 
that  glycosidases  can  digest  high-molecular-weight  polymers. 
Glycosidases  thus  may  require  endo-hydrolase  activity  to 


IS 

affectively  digest  cell-wall  ploysaccharides. 


In-Fruit  Seed  Germination  in  Grapefruit 


during  storage 
Little  is  knowr 
gemination  wit 


ind  Albrigc,  19S4)  and  na 
>r  transit  (Albrigc  et  al 
about  potential  factors 
tin  fruit. 


(Schneider,  19sa).  water-soaks,  low  teoperature,  or 


1982).  The  seed  coat  was  also  thought  to  be  a gemi- 
barrier  in  citrus  because  germination  following  reno- 
the  seed  coat  was  completed  within  S-7  days  (Monseli- 
1962).  These  data  have  been  interpreted  as  evidence 
presence  of  leachable  inhibitors  in  the  seed  coat, 
grapefruit,  seeds  can  germinate  when  isolated  from 

isuDature  (Fucik,  1974).  Although  abscislc  acid  (ABA) 
associated  with  seed  rest  in  many  seed  types,  exogen 
has  no  effect  on  the  germination  of  seeds  isolated  f 


(Purvis  and  Albrigo,  1984) 


e affected  by  ABA.  Albrigo 
(unpublished  data)  found  that  scoring  the  seed  coat 
accelerated  the  gemination  of  grapefruit  seeds  as  much  as 


with  the  idea  that  inhibitors  are  present  in  the  seed  coat. 


role  in  seed  maturation  and  germination  (Adams  and  Rinne, 


in  most  seeds  is  dehydration,  which  results  in  termination 

a certain  critical  point  results  in  a severe  loss  of 
viability  in  citrus  seeds  (Kauer,  1981).  Severe  water  loss 
affecting  viability  cannot  be  expected  in  the  fruit.  In 
trifoliate  orange  seed,  water  content  decreased  when  fruit 
became  mature,  and  then  increased  slightly  in  overripe  fruit 


environment  or  that  the  water  may  have  originated  from  the 
vascular  system.  Purvis  and  Albrigo  (19B4)  found  that  the 
use  of  grapefruit  juice  as  the  germination  medium  did  not 
retard  germination  of  extracted  grapefruit  seed.  Since 


aked  juice 


resulting  from  juice  vesicle  disorders  may  be  a water  source 
for  in-fruit  gemination  of  grapefruit  seeds  if  the  water 
potential  of  seed  at  maturity  is  low  enough  to  cause  a net 
movement  of  water  into  the  seeds.  As  mentioned  earlier,  the 
reduction  of  TSS  and  acidity  is  characteristic  of  disordered 
juice-vesicles.  Thus,  it  can  he  assumed  that  low  TSS  and 
acidity  in  vesicle  disordered  fruit  can  contribute  to  the 
generation  of  a satisfactory  water  potential  gradient  from 
juice  to  seed. 


MATERIALS 


METHODS 


Experinent  l!  occurrence  of  Section  Drying  tSDl  and 


Plant  Materials 

Grapefruit  of  two  cultivars  (Citrus  oaradisi  Hacf.  cv. 
Harsh  seedless  and  Ruby  Red)  were  harvested  from  4 groves 
for  3 successive  years  (1986-1988)  for  each  cultlvar.  All 


Fruit  Harvest  and  storage  Treatment 

Sixty  fruit  were  liarvested  monthly  from  each  of  the 
same  } trees  (March  through  Hay,  1986,  1987,  and  1988). 
Half  of  the  fruit  were  examined  immediately  for  vesicle 


benzimidazole-carbamate)  as  a non-recovery  spray,  dried  and 


Determination  of  Vesicle  Disorders 

Section  drying  (SD)  was  examined  from  3 cut  surfaces 
perpendicular  to  the  core  axis  [stem-end  (approximately  1/3 
of  the  distance  from  the  stem,  center  (approximately 


distance  from  the 


sverlty  of 


the  disorder  was  recorded  from  a 
range  of  0 (no  appearance  of  SD)  to  } (more  than  2/3  of  th« 
cut  surfaces).  Severity  was  numerically  expressed  as  the 

portion  divided  by  maximum  possible  severity  per  cut 

severity  of  the  3 cut  surfaces.  Type  of  vesicle  disorder 


was  made  regarding  disorder  type. 
Determination  of  In-fruit  Germination 
After  examining  the  fruit  for  ves 


with  split  seed  coats  were  considered  to  be  germinating. 
Water  and  Abscisic  Acid  (ABAI  Inlection  into  Fruit 

'Harsh  Seedless'  grapefruit  were  harvested  on  Hay. 


without  any  blemishes  were  selected.  Before  water  or  ABA 
Injection,  the  fruit  surface  was  sterilized  with  70% 
ethanol.  Approximately  2.S  to  3.S  ml  of  sterile  water  or 
ABA  (4  X 10*  K)  were  injected  into  each  fruit  (core  axis) 
with  a sterilized  syringe.  Fruit  not  injected  were  used  as 
controls.  Fifty  fruit  were  examined  immediately  (no 


sound  fruit  as  described  earlier. 


Filn-Wrapping  of  Fruli 


Low-density-polyethylene  tiln  ( shrink-Eiln) , with  heat 
sealed  seams,  was  applied  with  a wrapping  machine  and  hot- 
tunnel  shrunk  at  200‘C.  Control  fruit  were  washed  and  waxed 
as  described  earlier.  Fruit  were  stored  at  15.5'C,  21'C, 


Experiment  2:  Comparatlv 


Plant  Haterials 

Normal  and  disordered  juice-vesicles  were  Isolated  from 
disordered  grapefruit  (Citrus  paradisi  Macf.  cv.  Marsh 

showed  no  visible  symptoms  of  granulation  or  vesicle 


vesicles  were  stored  in  polyethylene  bags  at  -20'C. 

Determination  of  Fresh  Weight.  Dry  Height,  and  Moisture 
Contents 

determine  the  average  weight  of  one  vesicle.  After 
measurement  of  fresh  weight,  juice-vesicles  were  dried  in  an 


percentage  of  dry  matter  over  fresh  weight.  This  experiment 
was  done  with  3 replications  (SO  vesicles  per  replication). 


Detarmination  of  Acids  in  Juice 


Acid  analysis  was  conducted  fron  the  juice  squeezed  by 


Determination  of  Soluble  Sugars 

FiCteen  grams  of  vesicle  tissue  were  homogenized  in  eot 
ethanol  (30  ml)  for  3 min  using  a sorval  Omnimixer  at  full 
speed.  The  homogenate  was  placed  in  a bottle  in  a water 

fraction,  soluble  sugars  were  further  extracted  with  fresh 
alcohol  (50  ml)  for  another  1 hr.  The  combined  ethanol 
soluble  fractions  were  filtered  through  glass  fiber  filter 

adjusted.  Sugar  was  analyzed  from  the  filtrates  by  the 
phenol-sulfuric  procedure  (Dubois  et  al.,  1956).  D-glucose 


Preparation  of  Ethanol-Insoluble-Sollds  lElsi 

Ethanol-insoluble-solids  (EIS)  were  prepared  as 
described  by  Huber  (1984),  with  Blight  modification.  Forty 
five  grams  of  vesicle  tissue  were  homogenized  in  190  ml  95% 
ethanol  for  3 min  using  a Sorval  Omnimixer  set  at  full 
speed.  The  homogenate  was  refluxed  for  20  min  in  a boiling 
water  bath  and  then  stored  overnight  at  -20'C.  The 
suspension  was  filtered  through  Hiracloth  (eiochemical  Corp. 


JOllJ 


a,  CA)  and  washed  with  250  mi  of  80%  ethanol  (v/v) , 
followed  by  250  ml  of  80%  acetone  (v/v).  The  recovered  EIS 
were  suspended  in  100  ml  of  100%  acetone,  and  filtered 
through  glass  fiber  filter  (G/F  C filter  paper,  Whatman) 
under  slight  aspiration  on  a nillipore  funnel.  An 

stirred  under  aapiration  until  filtration  was  complete. 


and  excess  acetone  evaporated  at  room  temperature.  Ethanol- 

a desiccator  at  room  temperature. 

Isolation  and  Determination  of  Polyuronides  and 

Soluble  polyuronides  and  hemicelluloses  were  prepared 
basically  as  described  by  Huber  (1984)  and  Huber  and  Lee 
(1986).  Water-soluble  polyuronides  were  isolated  by 
suspending  EIS  (100  ng)  in  35  ml  of  deionized  water.  The 

temperature.  After  6 hours,  the  suspension  was  filtered 
through  Hiracloth  and  washed  with  10  ml  of  deionized  water. 
The  combined  filtrates  were  further  filtered  through  glass 

filtrates  were  stored  at  -20"C  until  used.  Uronlc  acid  was 
determined  as  described  by  Blunenlirantz  and  Asboe-Kansen 
(1973) ■ D-galacturonic  acid  was  used  as  the  standard. 

After  extraction  of  water-soluble  polyuronides,  the 
recovered  powder  was  placed  in  35  ml  of  Ha-acetate  (40  mH, 
containing  20  mH  NajEDTA  and  shaken  for  6 


pH  5.0) 


chilled  water  was  added.  After  a final  5 min  period,  35  ml 
of  deionized  water  were  added.  Aliquots  (0.5  ml)  were 


Determination  of  cellulose 

cellulose  content  in  EIS  was  determined  as  described  by 
acetic  acid  : nitric  acid  : HjO  [4/1/0,  v/v/v)  and  placed  in 


centrifuged  in  a clinical  centrifuge 
speed  (490a)-  The  supernatant  was  di 


full 

pellet 


hydrolyzed  in  67%  sulfuric  acid  for  I hr.  Total  hexoses  (D- 
Gel  Filtration  Chromatography  of  soluble  Polyuronides  and 


Gel-filtration  of  polyuronides  was 
ichmond,  CA]  pac)<ed  in  Na-acetate  buff 


, pH  5.0) 


containing  3 inH  NajEDTA  and  100  nH  NaCl.  Approximately  2 rag 
polyuronides  In  2 ml  of  extraction  medium  (water  or  buffer) 
were  applied  to  the  column  and  gravity  eluted  at  a flow  rate 
of  17.5  nl-cm'*-hr'  . Half-ml  aliquots  of  the  2 ml  fractions 
were  analyzed  for  acid  sugars  by  the  procedure  of 
Blumenkranta  and  Asboe-Hansen  (1973). 

Hemicellulose  (approximately  4 mg)  in  2 ml  of  deionized 
water  was  applied  to  a column  ( 60  cm  high,  1.5  cm  wide) 
packed  with  Ultrogel  AcA  34  (LKB)  in  Na-acetate  buffer  (25 
mM,  pH  5.0)  containing  3 mM  Na^EDTA  and  100  mM  MaCl. 
Hemicellulose  was  gravity  eluted  at  a flow  rate  of  63  ml'cm' 
^'hr'\  Fractions  of  2 ml  were  collected  and  assayed  for 
hexose  by  the  phenol-sulfuric  acid  procedure  (Dubois  et  al., 

neutral  Sugar  Analysis  of  Polyuronides  and  Hemicelluloses 

Prior  to  neutral  sugar  analysis  of  polyuronides, 
samples  were  first  subjected  to  ion-exchange  chromatography 
to  remove  nonstructural  neutral  sugars.  Ion-exchange 
chromatography  was  carried  out  on  a bed  (16  cm  high,  1.5  cm 
vide)  of  DEAE-Sephadex  (Sigma  Chemical  Co.,  St.  Louis,  HO) 
which  was  equilibrated  and  pac):ed  in  Ha-phosphate  buffer  (15 
mH.  pH  6,8)  containing  20  mH  Had  and  5 mH  NajEDTA. 

Following  dialysis  against  the  column  buffer,  4 mg  of 
polyuronides  were  applied  to  the  column.  After  100  ml  of 
elution  buffer  were  collected,  polyuronides  were  eluted  by  a 
salt  gradient  (0.6  H NaCl  in  the  elution  buffer). 


Polyuronides  recovered  following  ion-exchange  were 
dialyzed  against  deionized  water  for  24  hours  at  4'C.  one 
ng  of  polyuronides  was  air-dried  in  Reaoti-Vials  (Pierce 
Chemical  Co.,  Rockford,  XL),  and  hydrolyzed  and  acetylated 

sugars  were  examined  by  gas  chromatography  on  a glass  column 
packed  with  34  SP  2340  (SupelCo,  Inc.,  Bellefonte,  PAJ , Oven 
temperature  was  22S‘C  and  helium  was  used  as  the  carrier 
gas.  mvo-Inositol  was  used  as  the  internal  standard 


Polygalacturonase  Extraction  and  Assay 

Fifteen  grams  of  partially  thawed  vesicle  tissue  were 

2.4  M RaCl  for  3 min  at  full  speed  using  a Sorval  Omnlmlxer. 
The  homogenate  was  Incubated  for  1 hr  and  then  centrifuged 
for  20  min  at  32,000a.  Proteins  were  precipitated  from  the 
supernatant  by  adding  solid  ammonium  sulfate  to  754 
saturation.  The  precipitated  protein  was  centrifuged  for  20 
min  at  32,000a.  ^he  supernatant  was  discarded.  The  pellet 
was  dissolved  in  2.5  ml  of  Na-acetate  buffer  (50  mH,  pti  5.0) 
and  desalted  by  passing  through  a PD-10  columh  packed  with 
Sephadex  G-25  H (Pharmacia,  Sweden),  protein  content  was 


described 


Determinatlen  of  Lignin  Components  in  Ethanol-Insoluble- 
sollda  lElsi 

Twenty  1119  of  EIS  were  hydrated  with  deionized  water 
under  vacuun  for  1 hr.  The  hydrated  Els  were  spread  on  a 
glass  microscope  slide  and  lignin  components  stained  by 
adding  2-3  drops  of  1%  phloroglucinol  in  1S%  HCL.  After  10 

Stained  spots  were  recorded  from  10  microscopic  fields  with 

Scanning  Electron  Hicroscoov 

prefixed  in  2t  glutaraldehyde  in  phosphate  (XQO  nH,  pK  7,2) 


2 hours,  dehydrated  using  ai 
point  dryer  (Ladd  Industry) 
CO,,  vesicles  were  cut  with 


■>ashed  with  deionized  water  for 
athanol  series  and  critical 
After  critical  point  dried  in 
razor  blade,  mounted  with  the 


(S-S30) 


it  accelerating 


RESULTS  AND  DISCUSSION 

Occurrence  of  Section  Drying  (SDl  and  In-Frult 


Introduction 

core  dryness 

or  dry  juice  sac  in  oranges  as  described 

Bartholomew  e 

t al.  (1941)  and  Noort  (1969).  Thus,  ju 

vesicles  affe 

cted  by  vesicle  collapse  showed  signs  of 

shrinkage  at 

the  initial  stages  and  they  collapsed 

completely  at 

the  final  stages.  No  hardening  symptom 

observed  at  any  developmental  stages.  At  advanced  st 
VC,  the  affected  juice  vesicles  become  very  thin  due 


of  tissue  flu 

ids.  Granulation  was  also  found  in  the 

fruit;  howeve 

r,  G was  usually  restricted  to  the  vesic 

the  stem-  or 

stylar-end.  Grapefruit  were  not  usually 

affected  by  V 

C in  the  early  stage  of  fruit  maturation 

whereas  S was 

observed  in  the  early  season  in  some  ve 

just  beneath  the  peel  tissue  of  the  stem-  or  stylar- 
Tvpea  of  Section  Drying  In  Graaetruit 


It  appe 

ared  that  the  primary  vesicle  disorder  i 

grapefruit  wa 

s VC  (Fig.  1).  In  freshly  harvested  fru 

Fig.  I.  Occurrence  of  vesicle  collapse  (VC) , granulation 
(G) , and  both  in  'Marsh  Seedless*  and  'Ruby  Red* 
grapefruit.  Results  are  froD  the  pooled  data  of  19S7 
and  198S.  A and  c:  at  harvest,  B and  0:  after 
storage  for  40  days  at  21*C.  Different  letters 
within  a cultivar  (A  or  C)  or  storage  time  (B  or 
0)  indicate  significant  difference  by  Duncan's 
multiple  range  test  (p-0.05). 


ilgnlClca 


disorder  was  slightly  higher  in  'Marsh  Seedless'  than  'Ruby 
Red'  but  the  differences  between  vesicle  disorder  types  in 
general  was  not  significant.  After  storage,  the  Incidence 
of  VC  becane  much  greater  than  G in  both  cultivars  (Fig.  19 

the  highest  amount  of  disordered  fruit  (Fig.  18  and  0). 

Bartholomew  et  al.  (1941)  also  reported  that  grapefruit  were 

associated  with  excess  water  loss  caused  by  drought  during 
fruit  development  (Sinclair,  1984).  In  this  study,  climatic 

precipitation  averages  during  the  late  maturation  period 
(December-February)  in  ises-ss  and  1986-67  were  56  ma  and  59 
mm,  respectively,  whereas  it  was  45  mm  in  ISST-SS  (Fig.  2). 
Although  the  precipitation  in  1985-86  and  in  1986-87  showed 
little  difference,  SD  was  much  decreased  in  1986-87.  Also, 
the  cumulative  precipitation  of  March  and  April  of  each 
year,  which  night  have  influenced  the  late-harvest  fruit. 


seem  to  agree  with  the  previous 
SD  year  (1987)  received  highest 


3ly.  These  data 


I of  grapefruit.  [ 


precipitation. 


vesicle  disorder  resulting  in  SD  of  grape 
grapefruit  may  severely  suffer  from  SD  ii 
and/or  storage  and  transit, 

Locallration  of  SD  incidence  within  Frui' 
The  incidence  of  SD  among  fruit  por' 


harvest,  the  stem-end  was  slightly  more  affected  than  other 
fruit  portions  except  in  the  March-harvested  fruit  (Fig. 

3A) . This  tendency  of  SD  incidence  continued  even  after 
storage  (Pig.  38).  However,  significant  differences  were 
only  observed  in  the  May-harvested  fruit.  Both  the  stera- 

by  SD  and  was  significantly  more  affected  than  the  central 
fruit  portions  (Fig.  38).  In  'Ruby  Red,'  no  difference  was 
found  at  all  harvest  dates  before  storage  except  the  Hay- 
harvest  fruit  at  which  SD  was  slight  higher  at  the  stem-end 
(Fig.  3 C) . After  storage,  the  stylar-end  tended  to  be  more 
affected  than  other  fruit  portions,  especially  in  Hay- 
harvest  fruit  (Fig.  3D).  Unli)ce  core-drynese  in  navel 
oranges,  the  central  portion  of  the  fruit  was  least  affected 


in  central  fruit  portions  was  never  significantly  lower  than 
both  the  stem-  and  stylar-end.  SD  in  grapefruit  differed 


from  dry  juice 


Ftg. 


Severity  of  section  drying  <SD)  in  different  fruit 
portions  of  'Marsh  Seedless'  and  'Ruby  Red' 
grapefruit.  Results  are  from  the  pooled  data  of 

storage  for  40  days  at  2i‘C.  Different  letters 
within  a cultivar  at  harvest  (A  or  C)  or  after 
storage  (B  or  D)  indicate  significant  difference  by 
Duncan's  multiple  range  test  (p-o.OS). 
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HarvAai  Tima 


at  the  stylar  end  oC  snail  orange  fruit  (Bartholomew  et  al., 
1941).  The  results  indicate  that  SD  (primarily  VC)  nay 
occur  at  any  portion  of  the  fruit  but  both  the  stem-  and 
stylar-end  nay  be  more  affected  in  senescent  fruit. 

Since  vesicle  disorders  occurs  in  the  late  season,  it 
has  been  proposed  that  G and  other  juice-vesicle  disorders 
are  associated  with  fruit  senescence  <E1-Zeftawi,  1976).  It 
is  not  linown  whether  the  difference  in  the  incidence  of  SD 
between  fruit  portions  results  from  differences  in  tissue 
netabolisn  or  in  the  degree  of  tissue  senescence  between 
fruit  portions.  Sugar  and  acid  gradients  between  fruit 
portions  nay  be  an  indirect  indication  of  differences  in 
tissue  netabolisn  between  fruit  portions.  Sugars  and  acids 
contents  are  low  in  the  sten-end  of  citrus  fruit  (Ting, 
1969).  Hatsumoto  (1964)  examined  the  respiration  rate  (on 
the  basis  of  CO2  production  and  O2  absorption)  among  fruit 
portions  (stem-end,  stylar-end,  and  central  portion)  in 
mature  oranges;  respiration  of  fruit  tissue  was  highest  at 
the  stem-end,  Intemediate  at  the  stylar-end,  and  lowest  at 
the  central  fruit  portion.  This  respiration  difference  may 
result  in  the  low  levels  of  sugars  and  acids  at  the  stem- 
end.  Cold  storage-temperature  was  effective  on  the 
reduction  of  G In  oranges  (El-Zeftawi,  1976)  and  SD  in 
grapefruit  [Albrigo  et  al.,  1980,  1981).  This  observation 
can  be  interpreted  that  the  decrease  in  vesicle  disorders 
may  be  the  result  of  delaying  of  physiological  events  in 
fruit  by  low  temperature.  Thus,  it  is  reasonable  to  assume 


high 


grapefruit  produced  in  Florida  contained  less  acids  and 

contained  relativeiy  high  acids  and  TSS  but  developed  a 

Variation  of  SD  between  Crop  Years  and  Groves 

It  appeared  that  significant  differences  existed  i 


i,  6,  7]  after  storage,  aithough  the  incidence  of  SD 
t differ  significantly  at  harvest  (Duncan's  muitiple 
test,  p-  O.OS).  Results  of  variance  analysis  are 


was  0 to  26%  at  harvest,  and  in  19S7  and  19Sa,  the  ranges 
were  0 to  13%  and  0 to  25%  at  harvest,  respectively.  After 
storage,  the  variation  was  greater;  13-87%  in  1986  and  1988, 
and  3-68%  in  1987.  The  anount  of  SD  fruit  was  low  in  1987 
compared  to  the  other  2 years.  Interestingly,  fruit  from 


although  the  difference  was  not  significant  at  harvest. 


Grove  2 exhibited  a relatively  small  amount  of  SD  during  the 
experiment.  The  other  6 groves  showed  intermediate  or 

was  proposed  to  be  associated  with  the  incidence  of  G in 


grapefruit  produced  in  Florida  (1985-86,  1986-87, 

Report,  Fruit  and  Vegetable  Inspection,  USDA,  Winter 
Haven,  Florida. 


Month 


(SO)  In  'Harsh  sasdlass'  and  'Ruby  Red'  grapefruit 
harvested  on  3 dates  during  the  iate  season  (March, 
April,  and  Hay]  in  19S6.  A;  March,  B;  April,  C;  Hay. 
Different  letters  within  a cultivar  and  a harvest 
time  (March,  April,  or  Kay)  Indicate  significant 
differences  by  Duncan's  multiple  range  test 
(p=0.05) . 


G7  CS 


Fig.  $.  Variation  in  percentage  oC  fruit  vith  aection  drying 

harvested  on  3 dates  during  the  late  season  (March, 
April,  and  Hay)  in  19B7,  A;  March,  B;  April,  C;  Hay. 
Different  letters  within  a cultivar  and  a harvest 
tine  (March,  April,  or  May)  indicate  significant 
differences  by  Duncan's  nultiple  range  test 
(p-0.05) . 
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(SO)  In  'Harsh  Seedless'  and  'Ruby  Red'  grapefruit 

April,  and  May)  in  1988.  A;  March,  Bj  April,  Ci  Kay. 
Different  letters  within  a cultivar  and  a harvest 
tine  (March,  April,  or  May)  indicate  significant 
differences  by  Duncan's  nultiple  range  test 
(p-0.05). 


G7  C8 


1.  Analysis  of  variance  for  several  factors  affecting 
section  drying  of  grapefruit  harvested  from  Indian 
river  groves,  Florida. 


(Heguited, 


1») 


Harvest  Tine  (H) 
Storage  (S) 

Interaction 


Note:  Analysis  was  carried  out  fron  the  pooled  data  of  3 years 
(19S6-198B)  and  2 grapefruit  cultivars  {'Harsh  Seedless'  and 
' Ruby  Red ' ) . 
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some  oranges  (Bartholoneu  et  al.,  1941;  Awasthi  and 
Haurlyal,  1972)  because  sane  trees  within  a cultivar  or  sone 
cultivars  consistently  produced  core  granulated  fruit. 
Whether  the  high  amount  of  SO  in  grove  8 is  related  to  some 
inherent  genetic  characteristics  is  not  known. 

The  variations  in  the  incidence  of  G between  years  and 
locations  have  been  regarded  as  the  result  of  environnental 
effects  (Bartholomew  et  al.,  1941;  Noort,  1969).  Because 
fruit  were  harvested  from  the  sane  trees,  the  great 
variation  between  crop  years  in  this  study  seens  to  indicate 
that  environnental  conditions  are  associated  with  SD.  Koort 
(1969)  reported  that  G and  other  vesicle  disorders  increased 
following  a relatively  warm  winter.  However,  results  of 
this  experiment  were  not  consistent  with  this  idea;  the 
trees  were  exposed  to  a relatively  cold  winter  in  1986 
[Decenber,  1985-Pebruary,  1986)  but  developed  the  highest  SD 
of  the  3 years  even  though  there  was  no  indication  that 
fruit  experienced  freeze  injury  in  1986  (Fig.  5) . On  the 
other  hand,  in  1987,  the  trees  experienced  a relatively  warm 
winter  (December,  1986-February,  1987)  but  produced  a 
relatively  low  amount  of  SD  fruit  (Fig.  6). 

Film  wrapping  of  individual  fruit  has  advantages  in 
several  citrus  fruit  types  primarily  because  of  alleviation 
of  water  stress  (Ben-Yehoshua  et  al.,  1983;  Purvis,  1983). 
Wrapping  in  low-density  polyethylene  film  did  not  affect  the 
development  of  SD  in  grapefruit  (Table.  2).  Only  low 
storage  temperatures  appeared  to  decrease  SD  in  this  test 


Effect  of  storage  temperature  and  plastic  film 
wrapping  on  section  drying  and  in-fruit  germination 
'Marsh  Seedless'  grapefruit. 


Storage  Wrapping  Fruit  No.  SO  Germ. 

Temp.  CC)  (%  of  Fruit)  (t  of  Fruit) 


Note:  Fruit  were  harvested  on  May,  1987  and  SO  was  examined 
after  62  days  storage. 


3 primary  factor 


reported  that  film-wrapping  did  not  prevent  SO  incidence  of 


grapefruit  during  storage  or  transi 
Incidence  of  In-fruit  Germination 


late  in  the  season  (Albrigo  et  al.,  1980:  Purvis  and 
Albrigo,  1984) . Seedless  grapefruit  cultivars  commercially 

Carter,  1978)  which  often  geminate  during  storage  or 
transit.  In-fruit  gemination  results  in  off-flavors  and 

fresh  market  or  processing.  Thus,  fruit  containing 
sprouting  seeds  cannot  be  used  for  juice  extraction  (Florida 
Department  of  Citrus,  1975). 

The  average  peroentage  of  fruit  afteoted  by  in-fruit 

within  fruit  as  the  season  progressed.  'Ruby  Red'  showed  a 
slightly  higher  incidence  of  in-fruit  germination  but  the 

Since  juice  components  in  citrus  are  located  In  the 
large  vacuolated  cells  which  are  enclosed  by  a tough,  sl(in- 


1974],  water  movement 


' K and  S represent  harvest  and  stored,  respectively, 
difference  by  Duncan's  nultlple  range  test  (p~0.Q5). 


sprouting  seeds  with  4 replications  (1  replication  per 
grove) . 


In-£i 


~57t3 TTTT 


0.93 
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cells  (Kaufnann,  1970).  However,  it  has  been  suggested  that 
in-fruit  germination  is  caused  by  the  leakage  of  tissue 
fluids  (Purvis  and  Albrigo,  1984).  To  examine  free  water 
effects  on  seed  germination  in  the  fruit,  sterilized  water 
or  abscieic  acid  (ABA)  (4  x lo  ’)  was  injected  into  fruit. 
Water  injection  increased  germination  (Table.  5) , whereas 
germination  was  not  affected  by  exogenous  ABA.  These 
results  indicated  that  seeds  in  overmature  fruit  could 
germinate  when  a water  source  is  available.  Also,  seeds  in 
mature  fruit  had  already  passed  a certain  developmental 
stage  at  which  they  are  sensitive  to  ABA  (Purvis  and 
Albrigo,  19B4). 

Correlations  between  SO  and  in-fruit  gemination  were 
examined.  High  correlations  (T-test,  p>o.01)  were  observed 
each  year  between  the  total  severity  of  SD  and  in-fruit 
germination  in  both  cultlvars  although  there  was  a variation 
in  the  amount  of  fruit  containing  sprouting  seeds  between 
years  (Tables.  3 and  4} . Results  of  simple  regression  (r) 

Results  of  1986  and  1968  were  shown  in  Fig.  8 since  data 
obtained  in  1987  was  nearly  identical  to  1986.  Even  though 
strong  correlations  existed,  r^  values  accounted  for  only 
50%  of  total  variance  in  in-fruit  germination  suggesting 
that  other  factors  were  Involved. 

Total-soluble-solids  (TSS)  and  acid  content  of  juice 
seem  to  be  related  to  in-fruit  germination.  The  average  in- 
frult  germination  of  fruit  from  3 harvests  was  highest  in 


Fig.  8.  Relationship  between  severity  of  section  drying  (SD) 
and  precocious  gemination  in  grapefruit.  Results  in 
1906  and  1908  are  from  the  pooled  data  of  each  year 
and  2 cultivars.  Total  severity  is  the  sum  of 
severity  from  3 cut  surfaces  (XlOO) . 


sa 


Total  Stvority  (X 1 00  ) 


Table.  5.  Effect  of  water  and  injection  into  fruit  on 

the  in-fruit  gemination  of  'Marsh  Seedless*  grapefruit 


Treatment^  Fruit  Number  Total  Seed  Number 


Storage 


3 (1.4) 

22  (16.7) 


2S  (18. B) 


Note:  Orapefruit  were  harvested  on  Hay,  1987. 

‘ Before  storage;  gemination  at  harvest,  stored; 

germination  after  storage  without  treatment,  water  and  AM 
injection:  2. 5-3. 5 ml  of  sterilized  water  or  ABA  (5  X 10* 
H)  was  Injected.  Semination  was  examined  after  30  days 
storage  at  21'C. 

’ Numbers  in  parenthesis  represent  percentage  of 
gemination. 


lowest  for  the  3 years  (Fig.  4).  On  the  other  hand,  in 
19S8,  in-fruit  germination  was  lowest  whereas  TSS  and  acid 
contents  were  high  (Fig. 4 ).  If  the  leaked  juice  is  Che 
source  of  water  for  in-fruit  germination,  it  is  reasonable 
to  expect  Chat  low  TSS  and  acid  contents  nay  result  in  a 
more  favorable  water  potential  gradient  between  juice  and 
seeds,  and  it  would  be  easier  for  seeds  to  take  up  water 
from  the  leaked  juice.  The  fact  that  in-fruit  germination 
occurs  only  in  the  late  season  supports  this  hypothesis 
because  seeds  in  overmature  fruit  might  pass  the  dehydration 
stage  of  seed  development  (Hobayen,  1980)  and  thus  water 
potential  of  the  seed  would  be  low.  It  is*  also  possible 
that  low  in-fruit  germination  in  1988  nay  have  resulted  from 
low  water  potential  gradient  between  seeds  and  juice.  When 
water  potential  gradients  are  small,  water  absorption  by 
seeds  may  occur  slowly.  Mobayen  and  Hilthrope  (1978) 
demonstrated  that  in  the  trifoliate  oranges,  seed 
germination  was  delayed  under  high  salinity  conditions. 
However,  the  water  potential  of  the  medium  (-7SO  Jk')  did 
not  affect  the  final  germination  percentage. 

The  strong  acidity  of  citrus  juice  was  proposed  to  be 
a potential  Inhibitor  for  oitrus  seed  germination 
(Monselise,  1982).  whether  the  high  acidity  of  juice  in 
1988  fruit  contributed  to  the  reduction  of  gemination  is 
not  known,  since  TSS  and  acidity  of  fruit  ace  dependent  on 
the  rainfall  and/or  temperature  in  the  growing  season, 


:ially 


during  winter  and  an  early  germination  within  fruit  probably 


number  of  days  below  4‘C  (minimum  temperature)  was  12.3  days 
in  1985-66  during  December  through  February  while  it  was  7.6 
days  and  8.0  days  in  1986-8?  and  1987-88,  respectively.  It 
does  appear  that  the  year  of  the  highest  in-fruit 
germination  was  the  year  with  coldest  winter.  Whether  or 
not  low  temperatures  during  winter  stimulated  in-fruit 
germination  is  not  )(nown. 

precocious  germination  (Table.  2).  This  observation  agrees 
with  the  previous  observations  (Alhrigo  et  al.,  1981;  Purvis 

germination  by  delaying  the  general  metabolism  of  the  seeds 


II.  Comparatiae-Studv  ot  Cell  Halls  in  DIsorgered  Juli 


Introdiiction 

Structural  modifications  of  fruit  cell  vails  is  one  of 


the  characteristic  physiological  changes  occurring  during 


In  citrus,  juice'vesicle  disorders  have  been  known 
since  the  1900's.  In  1941,  Bartholomew  et  al.  thoroughly 
documented  granulation  (G)  in  'Valencia'  oranges.  Unlike 


Among  the  cell-wall  components,  pectins  in  particular  have 
been  proposed  to  be  a potential  factor  associated  with  the 


Sinclair  and  Jolliffe, 


n alteration  of  carbohydra 


i Singh,  1977b)  Indicates  that 
aetabolism  may  be  ot 


spment  of 


regacded  as  an  different  expression  of  granulation 
(Bartholooew  et  al.,  1941).  BarCholODsw  et  al.  (1941)  named 
this  disorder  in  oranges  as  "blossom-end  granulation  or 
stylar-end  granulation."  Section  drying  (SO),  primarily 
vesicle  collapse  (VC),  has  been  known  in  grapefruit  (Albrigo 
et  al.,  19B0).  This  disorder  resulted  in  drying  of  the 
affected  fruit  segments.  Since  G occurs  infrequently  in 
grapefruit  (Bartholomew  et  al.,  1941]  and  visible  symptoms 
of  so  are  different  from  G,  it  was  thought  that  SO  in 

physiological  and  biochemical  changes  characteristic  of  G 

and  compositional  alterations  of  cell  wall  polysaccharides. 

Changes  in  Juice-Vesicle  components  in  Disordered  Juice- 
Vesicles 

Q results  in  the  swelling  and  hardening  of  affected 
vesicles.  Bartholomew  et  al.  (1941)  and  Sinclair  and 
Jolliffe  (1961)  demonstrated  a fresh  weight  increase  in 

increase  in  fresh  weight  was  observed  in  granulated  vesicles 
(Table.  6) . Granulated  vesicles  contained  more  dry  matter 

indicates  a decrease  in  tissue  density  as  observed 


probably 


. 6.  Conparisons  oC  juice-vesicle  conpcnenCs  between 
nooiel  and  disordered  tissue  of  'Karsh  Seedless' 
grapefruit. 


Granulat ion 


Vesicle  Collapse 


Noroal  Granulated  Normal  Collapsed 


(mg.  vesicle'  } 


soluble  sugars 


Moisture  (t) 


Ethanol-insoluble  solids 

B.2  13.5 

(0.89)  (2.34) 


Note:  Normal  vesicles  were  isolated  from  disordered  fruit  (VC 
G). 

Number  are  the  average  of  3 replications.  Numbers  in 
parentheses  are  on  a per  vesicle. 


granges  by 
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fresh  weight  on  a per  vesicle  basis  (Table.  6).  These 
results  are  consistent  with  the  observation  that  VC  vesicles 
were  severely  shriveled  at  the  final  stages  of  the  disorder. 
Bartholonew  et  al.  (1941)  and  Cha)trauar  and  Singh  (1977b) 
reported  that  granulated  vesicles  contained  core  water  than 
nomal  vesicles.  Bartholaneu  et  al.  (1941)  suggested  that 


comparison  of  moisture  contents  between  disordered  and 
normal  vesicles  demonstrated  a slight  decrease  in  collapsed 
vesicles  and  a slight  increase  in  granulated  vesicles 


granulated  vesicles  were  probably  due  to  the  presence  of 

The  decreases  in  sugar  and  acid  as  total  soluble  solids 
and  titratable  acids,  respectively,  in  granulated  vesicles 
are  well  documented  (Bartholomew  et  al.,  1941!  Sinclair  and 
Jolliffe,  1961;  Hatsumoto,  1964;  Awasthi  and  Nauriyal,  1972; 
El-Zettawi,  1973,  1976;  Chakrawar  and  Singh,  1977b; 

Giltlllan  and  Stevenson,  1979).  in  the  present  study, 

of  the  acid  level  found  in  nomal  vesicles  (Table.  6). 

soluble  sugars  because  of  their  increased  size.  VC  also 
resulted  in  decreases  in  sugars  and  acids.  Thus,  collapsed 


vesicles  contained  74%  of  the  sugar  levels  and  60%  of  the 
acid  levels  found  in  nonnal  vesicles  . 

Ethanol-insoluhle-solids  (SIS)  increased  in  granulated 
and  collapsed  vesicles  on  a per  g fresh  weight  basis. 
However,  on  a per  vesicle  basis,  a higher  SIS  content  was 
observed  for  granulated  vesicles  whereas  collapsed  vesicles 
exhibited  no  change  compared  to  normal  vesicles  {Table.  6}. 
Sinclair  and  Jolliffe  (1961)  suggested  that  vesicles  might 
produce  more  cell-wall  material  during  the  development  of  G. 
No  increase  in  EIS  in  VC  indicates  that  the  physiological 
events  occurring  in  granulated  vesicles  did  not  occur  in 
collapsed  vesicles.  Analysis  of  wall  polysaccharides 
revealed  narked  differences  between  the  disorder  types. 

When  expressed  on  a per  ng  EXS  basis,  there  were  no 
differences  in  total  pectin  content  between  normal  and 
disordered  vesicles.  However,  a decrease  in  water-soluble 
pectins  (HSP)  was  observed  in  both  disorder  types  (Table. 

7).  Fifteen  and  48%  decreases  in  WSP  were  observed  in 
granulated  and  collapsed  vesicles,  respectively. 

Differences  in  HSP  were  also  found  between  normal  vesicles; 
normal  vesicles  from  vesicle  collapsed  fruit  contained  19.1 
ug  of  HSP'mg  EIS*',  whereas  visually  normal  vesicles 
isolated  from  granulated  vesicles  contained  31.2  ug  W5P-mg 
EIS*'.  This  suggests  that  normal  vesicles  from  vesicle 
collapsed  fruit  are  in  an  early  stage  of  VC.  A decrease  in 
HSP  in  granulated  vesicles  has  been  reported  (Gilfillan  and 
Stevenson,  1977;  El-Zeftawi,  1978). 


(9a. 7) 

! 133.7 
(118.9) 


(340.1) 

ts.?) 


chelator-soluble  pectins  decreased  in  granulated 
vesicles  (Table.  7).  The  fact  that  total  pectins  did  not 
change  indicates  that  granulated  vesicles  contain  more 
insoluble  pectins.  Sinilar  difference  was  not  found  in 
collapsed  vesicles. 

Hetiicellulose  content  decreased  in  granulated  vesicles 
conpared  to  normal  vesicles  on  an  EIS  basis  but  was  double 
on  a per  vesicle  basis  (Table.  7).  However,  changes  in 
hemicellulose  contents  were  not  found  in  collapsed  vesicles. 
Cellulose  contents  did  not  changed  in  either  disorder  on  an 
EIS  basis  but  was  nearly  3 times  higher  in  granulated 
vesicles  on  a per  vesicle  basis  (Table.  7).  since  on  a per 
vesicle  basis,  granulated  vesicles  contained  1.6  to  2.5 
times  more  cell-wall  components  (pectins,  hemicellulose,  and 
cellulose)  than  normal  vesicles  (Table.  7) , the  increase  in 
EIS  in  granulated  vesicles  was  largely  accounted  for  by  an 
increase  in  wall  polysaccharides.  These  results  suggest 
that  G nay  be  associated  with  an  anomalous  increase  in  cell- 
wall  synthesis  and/or  changes  in  cell-wall  turn-over  rate  at 
the  late  stages  of  fruit  development.  However,  the 
differences  in  cell-wall  contents  were  not  observed  in  VC. 

Lignin  components  were  detected  histochemically  by 
phloroglucinol-HCL  in  both  normal  and  disordered  vesicles  (G 
and  VC}  (data  not  shown) . Microscopic  examination  indicated 
that  the  increase  in  lignin  was  much  pronounced  in 
granulated  vesicles  compared  to  normal  or  collapsed 
vesicles,  Lignin  synthesis  occurs  at  the  primary  walls  and 


extends  inward;  thos,  lignified  cell 
(Korthcote,  1972).  Bartholomew  et  al.  (1941)  reported  the 
occurrence  of  lignin  in  granulated  vesicles  from  'Valencia* 
oranges.  Also,  Burns  and  Achor  (1983)  found  lignin 
components  histochemically  in  the  walls  of  juice-vesicle 
cells,  particularly  in  partially  collapsed  vesicles  of 
grapefruit,  since  Kordan  (1964)  observed  vascular-li)ce 
components  with  secondary  wall  thio)cening  in  cells  of 
vesicle  stalks  in  lemon,  lignins  might  be  produced  in 
grapefruit  vesicle  cells  besides  in  the  stalk  region. 

Whether  or  not  lignif ication  in  G occurs  as  a result  of  a 
stress  response  is  not  known.  Asada  and  Hatsumoto  (1987) 
reported  that  plant  cells  produced  lignin  when  infected  by 
fungi  or  when  subjeoted  to  other  forms  of  stress  (e.g., 
injury) . 

Ultrooel  Chromatography  of  Pectins  Derived  from  Vesioles 
Gel  filtration  nay  not  provide  totally  accurate 
information  about  the  molecular  weight  (HW)  of  cell-wall 
polymers  because  these  polysaccharides  are  extremely 
heterogeneous  and  hydrogen,  ionic  and/or  hydrophobic 
Interaction  with  the  gels  may  affect  their  fractionation 
behavior  (Huber  and  Lee,  1986).  However,  this  technigue  is 
still  useful  for  ascertaining  changes  in  the  MV  of  cell-wall 
polysaccharides.  This  study  was  conducted  to  examine  the  MW 
characteristics  of  polysaccharides  isolated  from  the  cell 
walls  of  normal  ahd  disordered  juice-vesicles. 


The  elution  behavior  of  W5P  from  normal  and  granulated 
vesicles  was  nearly  similar.  Void  polymers  were  more 
prevalent  in  HSP  from  granulated  vesicles  (Fig.  9 A and  B) . 
The  elution  patterns  of  HSP  from  normal  and  collapsed 
vesicles  exhibited  marked  differences  (Fig.  9 C and  D) . 

There  was  a great  decrease  in  the  high  HH  polymers  from 
collapsed  vesicles  whereas  polymers  fractionating  on  the  gel 
increased  significantly.  These  results  can  be  regarded  as 
evidence  for  wsp  degradation  in  collapsed  vesicles. 

chelator-soluble  pectins  from  normal  and  granulated 
vesicles  showed  almost  identical  elution  patterns  (Fig.  lOA 
and  B) . A slight  difference  was  observed  in  excluded 
polymers  (fraction  number  20  - 10).  Approximately  90t  of 
the  chelator-sol\ible  pectins  from  both  disordered  and  normal 
vesicle  eluted  in  the  void  region.  Holecular  weight 
differences  in  chelator-soluble  pectins  between  normal  and 
collapsed  vesicles  were  found;  chelator-soluble  pectins  from 
collapsed  vesicles  were  distributed  evenly  between  high  and 
low  MU  regions,  whereas  approximately  90%  of  chelator- 
soluble  pectins  from  normal  vesicles  were  eluted  in  the  void 
region  (Fig.  IOC  and  D) . Since  the  combined  pectins  in  WSP 
and  chelator-soluble  pectins  comprised  approximately  40%  of 
the  total  pectins  (Table.  7),  the  data  obtained  from  gel 
chromatography  indicate  that  l)  granulated  vesicles 
contained  pectins  unaltered  in  terms  of  their  HW,  and  2) 
pectin  degradation  might  be  a potential  factor  responsible 
for  the  collapse  of  vesicles  in  vc. 


(U.U  025)  I 


Polygalacturonase  (endo-PG)  is  well  known  to  be 
associated  with  pectin  depolyneriration  in  many  fruit  types 
(Huber,  1983a;  Brady,  1986).  In  citrus,  only  exo-PG  was 
reported  in  the  fruit  and  abscision  rone  of  leaf  tissue 
(Riov,  1974,  1975),  However,  in  this  study,  PG  activity  was 
not  detected  in  either  normal  and  disordered  vesicles  (data 
not  shown) . Although  exo-PG  may  be  present,  exo-PG  alone  is 
unable  to  degrade  polymeric  pectins  (Reese,  1977).  An 
alternate  explanation  of  pectin  degradation  in  collapsed 
vesicles  is  non-PG-cediated  modification.  An  example  of 
non-PG-mediated  modification  of  pectins  can  be  found  in 
muskmelons  fruit  (McCollum,  1987] . Muskmelons  contain  no 
endo-PG  but  low-HW  pectin  appears  during  fruit  ripening. 

The  factor(s)  causing  this  change  has  not  been  found.  Acid 
hydrolysis  of  sucrose  was  found  in  acidic  vacuoles  in  lime 
fruit  (Echevarria  and  Burns,  unpublished  data).  If 
glycosidic  bonds  are  cleaved  by  strong  acid,  this  mechanism 
could  affect  high  MW  cell-wall  polymers.  Mature  grapefruit 
juice  contained  maximum  2.7%  acid  content  (Sinclair,  1984) 
but  the  extracted  juice  from  overmature  grapefruit  in  this 
study  contained  1.2%  (Table.  6).  Whether  or  not  pectins  can 
be  degraded  by  this  acid  level  is  not  known. 
lon-Exchanoe  Chromatography  of  Soluble  Pectins 

WSP  from  normal  and  granulated  vesicles  exhibited 
somewhat  similar  elution  behavior  on  ion  exchange  but  the 
elution  peak  of  MSP  from  granulated  vesicles  was  observed  at 
200  mH  Nacl,  whereas  it  was  observed  at  approximately  300  mH 


for  WSP  from  normal  ves 

Water-soluble-pectins  from  normal  and  collapsed 

VC  vesicles  were  eluted  in  a range  of  the  gradient 
corresponding  to  a Nacl  concentration  of  about  SOO  mH; 


elutions  at  300  nH  anc 


granulated  vesicles,  < 


Nacl  for  granulated  and 
ely,  may  be  significant. 


sported  by  Sinclair  and  Jolliffe 


chromatography  data  were  not  consistent  with  this  idea.  The 
high  methoxy  content  in  granulated  vesicles  in  the  previous 
study  (Sinclair  and  Jolliffe,  1961)  may  have  originated  from 
the  increased  lignin  or  perhaps  from  pectins  insoluble  in 


The  elution  behavior  of  chelator-soluble  pectins  from 


granulated 


about  400  mH  Ha 
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Ultronel  Chromatography  of  Henicel luloseB 

collapsed  vesicles  exhibited  similar  elution  patterns  on 
Ultro^el  34  (Fig.  13A,  B,  C,  and  D) . Hemicelluloses  in  void 

hemicellulose  modification  may  occur  in  both  normal  and 

factor  responsible  for  vesicle  collapse,  pectin  degradation 
is  probably  of  more  importance. 

Neutral  Sugars  in  Soluble  Pectins .and.  HenicelluloBes 


(Table.  8).  There  was  ar 
associated  with  WSF  from 


pared  to  each  normal  vesicles 
:rease  in  all  neutral  sugars 
particularly  arabinose  and 


increase  in  glucose  may  be  the  result  of  starch 


uhat  mechanism  neutral  sugars  increased  in 


both 
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reported  that  water-soluble  neutral  sugars  increase  during 
ripening  of  tomatoes.  Thus,  the  increase  in  neutral  sugars 
in  disordered  tissue  may  be  an  expression  of  vesicle 

k major  sugars  in  hemicelluloses  from  normal  or 
disordered  vesicles  was  xylose  (Table.  9).  The  differences 
of  sugar  composition  in  hemicellulose  was  not  detected 
except  glucoes  in  granulated  vesicles;  hemicelluloses  in 
granulated  vesicles  contained  more  glucose  than  those  in 
normal  vesicles.  The  above  results  suggest  that  only  water- 
soluble  pectins  isolated  from  VC  and  G vesicles  undergo 
compositional  changes.  Neither  chelator-soluble  pectins  nor 
hemicelluloses  shoved  definite  changes  in  their  composition 
when  affected  by  vesicle  disorders. 
Scanninq-Electron-HicroscoDY 

Scanning-electron-microscopy  (SEH)  disclosed 
significant  differences  between  normal,  granulated,  and 
collapsed  vesicles.  The  micrographs  were  taken  from  the 
inner  juice-cells  (Pig.  14)  or  from  epidermal  regions  (Pig. 
15).  In  normal  vesicles,  the  inner  juice-cells  were  veil 
preserved  (Fig.  14A) . However,  some  collapsed  ceils  were 
observed  in  granulated  vesicles  (Fig.  148) . In  VC,  almost 
all  of  the  cells  were  partially  or  completely  collapsed, 
resulting  in  stacked  layers  of  cell  walls  (Fig.  14C) . An 
increase  in  size  of  juice-cells  but  not  epidermal  and 
hypodermal  cells  was  noticeable  in  granulated  vesicles  (Fig. 
14B  and  15S) . 


Table.  9.  Neutral  sugars  in  henicelluloses  fron  nongal  and 


Granulation  vesicle  collapse 


Homal  Granulated  Normal  Collapsed 


Note:  Neutral  sugars  were  analysed  from  heoicelluloses  recovered 
replication. 
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Scanning  electron  micrographs  of  inner  juice  cells 
of  'Marsh  Seedless'  grapefruit  juice-vesicles.  A; 
normal  vesicle,  B;  granulated  vesicle,  c;  collapsed 


Pig.  15.  Scanning  alectron  nicrographs  of  epidamal  cells  of 
'Harsh  Seedless'  grapefruit  juice-vesicles.  A: 
normal  vesicle,  B;  granulated  vesicle,  C;  collapsed 
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CONCLUSIONS 


Vesicle  disorders  result  in  section  drying  (SO)  of  the 
affected  segments  in  grapefruit.  Grapefruit  produced  in 
Florida  can  suffer  from  SD  (granulation  and/or  vesicle 

(May).  SD  can  occur  at  any  part  of  the  fruit  but  the 

senescent  fruit.  After  stcrage,  the  major  vesicle  disorder 
was  vesicle  collapse.  The  major  symptom  of  this  disorder  is 
a complete  collapse  of  the  affected  vesicles  without  any 
hardening. 


vesicle  collapse  and/or  granulation.  Both  disorders  result 
in  decreases  in  sugars  and  acids.  Vesicle  collapse  differed 
distinctly  froD  granulation.  Granulated  vesicles  contained 
approximately  2 times  more  cell-uall  components  (pectins, 
hemicelluloses,  and  celluloses)  conpared  to  normal  vesicles. 
Vesicle  collapse  appeared  to  be  associated  with  a 
modification  in  pectin  molecular  weight.  This  molecular 
weight  change  did  not  appear  to  be  mediated  by 
polygalacturonase.  Pectin  modification  was  not  observed  in 
granulated  vesicles.  Hemlcellulose  did  not  appear  to  be 
related  to  either  vesicle  disorder  {VC  and  G) . 

The  increase  in  size  of  }uice-cells  which  occurred  in  G 
indicates  that  vesicles  affected  by  G undergo  new  growth 
whereas  juice-cells  in  VC  vesicles  partially  or  completely 
collapse. 
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